Towards global SEEA Air Emission Accounts

1.
This paper summarises the current status of the work stream on estimating SEEA Air Emission Accounts (AEAs), undertaken by the OECD Statistics and Data Directorate. The objective is to develop a methodology that can be used (i) as a first point of reference for the implementation of this SEEA module by countries that do not yet compile AEAs, and (ii) to increase the number of countries, industries, years and types of emissions covered in the OECD database on AEAs.
2.
The OECD methodology takes the emission data from the national greenhouse gas (GHG) inventories submitted under the UNFCCC as a starting point. After careful evaluation and testing, UNFCCC inventories are preferred to alternative data sources such as the estimates of carbon dioxide (CO2) emissions from fuel combustion compiled by the International Energy Agency (IEA 2018) , because inventories cover all types of CO2 emissions as well as additional gases. Moreover, restricting the analysis to CO2 emissions from fuel combustion, results are very similar when UNFCCC inventories or IEA estimates are used as a starting point. For Annex-I countries to the UNFCCC, relying exclusively on inventories has the advantage of simplicity and completeness. Admittedly, this strategy may need to be reviewed for non-Annex-I countries, for which the IEA provides much more information than the inventories. In order to assess the accuracy of the estimation methodology for Annex-I countries, officially reported AEAs are used as benchmarks. Compared to a preliminary study carried out in 2016, the OECD methodology has been improved in the following ways:
 It is now applied to additional countries, years and types of emissions.
 It is systematically assessed using measures of dispersion between the reported and estimated AEAs.
 The resulting estimates are available at a greater level of granularity across industries and households.
4.
As compared to UNFCCC inventories, AEAs allocate air emissions to industries and households using the same concepts and classifications as national accounts. For example, road transport emissions are allocated to all economic activities and households in AEAs, whereas they are grouped into a single item in UNFCCC inventories. It is only when transport is the principal activity of a firm that the corresponding emissions are allocated to the transport industry. Similarly, it is only when transport is the principal activity of a firm that this firm is allocated to the transport industry in national accounts.
5.
All estimated AEAs for CO2, CH4 and N2O are available on OECD.Stat using the following link: http://stats.oecd.org/Index.aspx?DataSetCode=OECD-AEA.
6.
Ultimately, this work supports the compilation of a global database on AEAs in line with the System of Environmental-Economic Accounting (SEEA) -Central Framework. Going forward, such a database would significantly improve the information basis to analyse industry-specific emission intensities and decoupling trends from economic growth, allow in-depth investigations across policy domains by directly comparing AEA data with those from the System of National Accounts (SNA), compile demand-based emissions of GHGs and air pollutants (see Wiebe and Yamano [2016] ), and monitor the relevant Sustainable Development Goal (SDG) Indicator. 4 7.
The structure of this paper is as follows. Section 2 describes the OECD methodology, Section 3 compares the estimated AEAs with benchmark official AEAs, and Section 4 concludes. Detailed results for individual countries are available in Annex B-D.
Description of the OECD methodology to estimate SEEA Air Emission
Accounts for CO2, CH4 and N2O in Annex-I countries to the UNFCCC 8. This Section describes the OECD methodology in detail. Its overall objective is to estimate reliable AEAs on a territory basis.
5 As currently predominantly European countries compile AEAs (Table 1) , the OECD methodology aims to provide estimates for those (OECD and non-OECD) countries that do not yet report them. In order to assess the suitability of the proposed methodology, the resulting estimates are compared to official AEAs for countries that currently compile them. This benchmarking exercise, including a systematic assessment using conventional measures of dispersion, allows drawing conclusions on the reliability of the proposed methodology.
9.
The emission data from the national GHG inventories submitted under the UNFCCC constitute the starting point. The following considerations led to opting for these data compared to alternative data sources, in particular the IEA estimates of CO2 emissions from fuel combustion:
 The results for CO2 emissions from fuel combustion are very similar when UNFCCC inventories or IEA estimates are used as a starting point (Figure A A.1 in Annex A), which is explained by the fact that both rely on the same underlying energy statistics based on the International Recommendations for Energy Statistics (IRES). 6 Hence, for CO2 emissions from fuel combustion, the two data sources can be considered as equivalent for the estimation of AEAs.
7
 By definition, the IEA estimates of CO2 emissions from fuel combustion do not cover CO2 emissions from other sources (e.g. industrial processes). This would limit the estimated AEAs to one source of emissions. 5 The reason for focusing on estimates on a territory basis (in contrast to a residence basis) is that no suitable approach to estimate the country-specific bridging items between the two concepts is available so far. However, there is an on-going collaboration between the OECD Statistics and Data Directorate and Eurostat exploring the possibility to estimate these bridging items. Based on the bridging items reported in the official AEAs, the average discrepancy between territory-based and residence-based emissions is around 5% of total CO2 emissions, and lower than 1% for CH4 and N2O emissions.
6 These Recommendations also include a discussion of the differences between energy statistics and energy balances on the one hand, and SEEA energy accounts on the other hand (see pp. 135-138). The main conceptual difference between the two relates to the use of the territory principle for the energy statistics and balances, and the residence principle for the SEEA energy accounts. Moreover, while all energy uses for transport purposes are aggregated into a single category in the energy balances, they are broken down into ISIC industries corresponding to the principal activity of the energy users in the SEEA accounts. These differences translate into similar ones between UNFCCC inventories and SEEA air emission accounts.
7 Notwithstanding the broad alignment between the UNFCCC inventories and the IEA estimates for CO2 emissions from fuel combustion, there are a number of methodological differences, which are documented by the IEA (2018). 8 these data cover all types of CO2 emissions as well as additional gases. Moreover, this choice does not prevent using IEA data to estimate AEAs for CO2 emissions from fuel combustion in non-Annex-I countries.
10.
One of the main features of AEAs (and SEEA accounts more generally) is their systematic breakdown by industries and households, thus making the data directly comparable to (socio-) economic data in the SNA. Therefore, the emission data reported in the inventories need to be allocated to ISIC rev. 4 industries and households. To this end, the allocations suggested by the correspondence table developed by Eurostat are used.
11.
Given that Eurostat's correspondence table sometimes requires the allocation of an inventory item to more than one industry, a method is required to allocate the corresponding emissions across industries. This method should be applicable across countries, time and types of emissions. Given the correlation between air emissions and output 9 in a given industry, the allocation from one inventory item to more than one industry is made according to the output share of each industry involved in the split. 
12.
There are two exceptions to this general method. The first exception concerns the allocation of road transport emissions. This allocation poses a specific challenge because the relevant emissions are aggregated into a single item in the UNFCCC inventories. In national accounts as well as AEAs, it is only when the transport of passengers and freight is the principal activity of a firm that the corresponding activity and emissions are allocated to the transport industry. If transport is a secondary or an ancillary activity of a firm, the corresponding output and emissions are allocated to the industry corresponding to the firm's principal activity.
10 Finally, even though the own-account use of transport vehicles by households is outside the scope of the SNA, the related emissions are allocated to households in AEAs.
13.
In practice, the OECD methodology allocates road transport emissions across industries and households, using road transport allocation keys from Denmark, France and Sweden (Figure 2 ).
11 It is assumed that taking industry averages for these three countries provides a sufficiently reliable initial allocation key for road transport emissions in developed countries. This approach is further supported by the fact that Denmark, France and Sweden rely on more refined methods than other European countries.
12 Countries willing to use the OECD estimates as a first step to compile their own AEAs are then strongly encouraged to rely on national allocation keys to refine the allocation of road transport emissions.
14.
The second exception to the general method relates to the inventory item solid waste disposal for methane (CH4) emissions. Eurostat's correspondence table recommends allocating the corresponding CH4 emissions to the waste management industry (ISIC-E37-39), households and the manufacturing industry as a whole (ISIC-C). While the former two seem reasonable, the latter appears to be a rare case. Therefore, applying output shares would result in an over-allocation of CH4 emissions from solid waste disposal to the manufacturing industry, given the large output of this industry. Thus, emissions from solid waste disposal for CH4 are allocated to waste management only (ISIC-E37-39).
15.
The steps described above result in AEAs for industries and households on a territory basis. In order to benchmark them with official AEAs in line with SEEA, which are calculated according to the residence principle, the AEA bridging items are used to convert the official AEAs to a territory basis. More specifically, the bridging item less national residents abroad is subtracted and the bridging item plus non-residents on the territory is added to the reported AEAs. Since it is not immediately obvious how to best allocate the bridging items across industries, they are entirely added to and subtracted from the transportation and storage industry (ISIC-H). 10 In theory, supply-and-use tables (SUTs) could be used to identify the secondary transport activities of industries, but they are only available for a limited number of countries. Moreover, SUTs do not allow identifying ancillary transport activities. Only transport satellite accounts could give a comprehensive overview of secondary and ancillary transport activities in all industries. Nevertheless, they are only available for very few countries and do not cover the transport activities of households. 11 The UNFCCC inventories distinguish between road transport emissions from passenger cars, light duty trucks, heavy duty trucks and buses, mopeds and motorcycles and other. For the rare case that emissions are reported for the item other, those emissions are allocated in line with the information provided. Accordingly, Germany's other item ("CO2 from lubricant co-incineration in 2-stroke road vehicles") is allocated to mopeds and motorcycles, the United Kingdom's other item ("Liquefied Petroleum Gases (LPG)") is allocated to passenger cars and Canada's other item ("Propane and Natural Gas Vehicles") is allocated to passenger cars. 12 The heterogeneity of practices across Europe has led Eurostat to set up a Task Force on the allocation of road transport emissions to industries and households in 2016. The aim of the Task Force is to increase the quality and comparability of the allocation of road transport emissions across countries.
16.
Furthermore, the OECD methodology excludes emissions related to Land Use, Land-Use Change and Forestry (LULUCF). This is consistent with the reported AEAs for European countries since Eurostat's manual on air emission accounts explicitly states that "emissions from land use and land use change are excluded from the emission inventory totals as well as from AEA" (p. 60). It could be argued that the level of emissions related to LULUCF, and how they are allocated across industries and households, are key issues for some countries in the world (e.g. Brazil, Indonesia). The OECD methodology would need to be refined in the future in order to take this into account. The OECD methodology outlined in the previous Section is applied to all Annex-I countries to the UNFCCC releasing both AEAs and output data. This makes the comparison between "estimated AEAs" and "official AEAs" possible.
18.
Average results for 18 countries 13 between 2008 and 2014 are shown for CO2 (Figure 3 ) CH4 ( Figure 5 ) and N2O emissions (Figure 7) . Note that comparing median emissions by industry in estimated and official accounts would give very similar results. A systematic assessment of dispersion using conventional measures illustrates the margins of error around averages or medians. Positive figures reflect over-allocations, whereas negative figures indicate under-allocations compared to the official AEAs.
19.
It should be noted that total emissions in the official AEAs on one hand, and the estimated AEAs and UNFCCC inventories on the other hand, may slightly differ. This difference corresponds to the bridging item other adjustments and statistical discrepancies, which contributes to the balancing of official AEAs and UNFCCC inventories.
14 Since there is no obvious industry allocation for these adjustments and discrepancies, they could not be used to convert the benchmark official AEAs to the territory principle. Fortunately, it is only for some countries that these other adjustments and statistical discrepancies are significant.
20.
On average across countries and time, the OECD methodology produces very reliable estimates, even at a quite detailed industry level. The average misallocation of CO2, CH4 and N2O emissions to any industry is less than 3.5% of overall emissions (Figure 4 , Figure 6 and Figure 8 ). Another way of looking at the accuracy of the OECD estimates is to compute the share of misallocated emissions in a given country (Table 2) . 15 For CO2 emissions, this share ranges between 4.0% in Latvia and 18.9% in Slovakia, with an average of 8.9% across countries. It should be noted that for some countries (Czech Republic, United Kingdom, Portugal and Slovenia), relatively large deviations could be explained by the size of the bridging item other adjustments and statistical discrepancies.
21.
Dispersion around these average results generally lies within reasonable limits, in particular when potential outliers are excluded. To this end, 88% confidence intervals are considered, which is equivalent to taking out the upper and lower extreme value for each industry. Dispersion is important to keep in mind when evaluating the OECD methodology. 13 Austria, Belgium, Czech Republic, Germany, Denmark, Estonia, Finland, France, United Kingdom, Greece, Hungary, Italy, Latvia, the Netherlands, Slovakia, Slovenia, Portugal and Spain.
14 Other adjustments and statistical discrepancies only represent 2% of total CO2 emissions on average across countries and over time, but can make up to 10% of total CO2 emissions, 5% of total CH4 emissions and 25% of total N2O emissions in some countries. 15 The share of misallocated emissions in a country is computed as the sum of absolute errors in each industry, divided by twice the overall level of emissions in this country. Dividing by twice the total of emissions ensures that the share of misallocated emissions ranges between 0 and 100%.
Even though this methodology produces very reliable estimates on average, this does not exclude some heterogeneity due to country-or industry-specific circumstances. Note: The share of misallocated emissions in a country is computed as the sum of absolute errors in each industry, divided by twice the overall amount of emissions in this country. Note: Across countries, the share of overall CO2 emissions which are misallocated to the agriculture, forestry and fishing industry is 0.1% on average. In 88% of the cases, this share lies between -0.8% and +0.8%. Note: Across countries, the share of overall CH4 emissions which are misallocated to the agriculture, forestry and fishing industry is 0.3% on average. In 88% of the cases, this share lies between -0.8% and +0.8%. Note: Across countries, the share of overall N2O emissions which are misallocated to the agriculture, forestry and fishing industry is 2.4% on average. In 88% of the cases, this share lies between 0.0% and +16.9%.
Accuracy of estimated AEAs for different industry groupings
22.
When official AEAs are converted to the territory principle in order to use them as benchmarks, the relevant bridging items are conventionally imputed to the transportation and storage industry (ISIC-H). Nevertheless, part of the bridging items may be relevant for households as well. This could potentially explain some of the discrepancies between official and estimated AEAs. Indeed, Figure 
23.
A combination of industries that can be looked at is electricity, gas, steam and air conditioning supply (ISIC-D) with water supply, sewage, waste management and remediation activities (ISIC-E). The rationale for testing this combination is that these industries used to be aggregated in the ISIC rev. 3 classification, thus making it potentially more difficult to split them in the AEAs following the ISIC rev. 4 classification. Nevertheless, Figure 
Accuracy of estimated decoupling trends at the industry level
24.
Another way to assess the reliability of the OECD methodology beyond emission levels is to compare decoupling trends computed from official and estimated AEAs. The most emitting industries are taken as examples to perform this comparison: the manufacturing industry (ISIC-C) is used for CO2 emissions and the agriculture industry (ISIC-A) for CH4 and N2O emissions. Figure 9 , Figure 10 and Figure 11 suggest that the OECD methodology leads to very reliable estimates of decoupling trends. 
Accuracy of estimated AEAs when less detailed information on output is available
25.
While all 42 Annex-I countries to the UNFCCC report GHG inventories in a consistent way, not all of them provide output data with the same level of detail. Therefore, the OECD methodology is also tested with less detailed output data. 16 The allocation method is adjusted accordingly. While the general principles of the method are unchanged, the level at which the allocation takes place needs to be aligned with the less detailed output data. Using the same example as shown in Figure 1 , the more aggregated output data leads to allocating emissions recorded in the inventory item venting and flaring to two ISIC industries (Figure 12 ). The allocation key remains the output share of the two industries involved in the split. 
26.
As shown in Table 3 , when allocations of air emissions to industries are compared at the 1-digit industry level, results remain very reliable. Table 1 shows for which countries only aggregated output data are available. Results for these countries are provided in Annexes C and D.
27.
In Annex C, the OECD methodology is also tested for Canada where official AEAs are only available for GHGs as a whole (i.e. for the sum of CO2, CH4 and N2O emissions in CO2 equivalents). 
Conclusion
28.
The methodology described in this paper allows estimating reliable AEAs for CO2, CH4 and N2O emissions. Decoupling trends are also accurately reflected in the estimated accounts. Of course, the accuracy of the results may depend on the specific countries, industries and emissions which are considered, as well as more generally on the quality of the emission data in the UNFCCC inventories and on the output data in the national accounts. Nevertheless, the official AEAs, which are used as benchmarks, may also contain measurement errors, so that average results across country and time provide a very good basis to validate the OECD methodology.
29.
This methodology can be applied to all Annex-I countries to the UNFCCC for CO2, CH4 and N2O emissions, with a level of detail depending on the availability of output data. Concretely, current data availability allows to estimate AEAs for CO2, CH4 and N2O emissions for Iceland, Japan, Kazakhstan, New Zealand, Ukraine, the United States and the Russian Federation. For the first six countries, the availability of output data allows to break down air emissions into eight industries, and for the Russian Federation into 14 industries. Additionally, the existing AEAs for Canada, which are only available for GHGs as a whole, can be complemented with individual estimates for CO2, CH4 and N2O emissions.
30.
It is important to note that the quality of these estimated AEAs is strongly dependent on the quality of the underlying energy statistics and balances which are used to compile UNFCCC inventories. For this reason, improving the quality of energy statistics and balances should remain a priority in countries.
31.
Future work should focus on the estimation of AEAs for non-Annex-I countries, the estimation and allocation of LULUCF emissions, and the residence-territory adjustment. More generally, future data availability may also allow improving the present estimates, in particular when it comes to the allocation of road transport emissions. 
